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Rotating mediumAbstract Similarity solutions are obtained for unsteady, one-dimensional flow behind a magneto-
gasdynamic shock wave propagating in a rotational axisymmetric perfect gas in the presence of an
azimuthal magnetic field under the action of monochromatic radiation. A diverging cylindrical
shock wave is supposed to be propagating outwards from the axis of symmetry. The ambient med-
ium is assumed to have variable axial and azimuthal components of fluid velocity. The fluid veloc-
ities, the initial density and the initial magnetic field of the ambient medium are assumed to be
varying and obeying power laws. We have assumed that the radiation flux moves through a rota-
tional axisymmetric perfect gas with constant intensity and the energy is absorbed only behind the
shock wave which moves in opposite direction to the radiation flux. The effects of variation of adi-
abatic exponent and Alfven-Mach number are investigated. It is obtained that the presence of the
magnetic field and increase in the ratio of the specific heat of the gas have decaying effect on the
shock wave. Also, it is observed that an increase in the strength of the ambient magnetic field
and adiabatic exponent of the gas have same effect on the flow variables except the radial compo-
nent of fluid velocity and radiation flux.
 2016 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
At low temperature like T < 104 K and moderate pressure like
one atmosphere, the thermal radiation effects are negligible in
the analysis of fluid dynamics. However, in this space age, we
have to involve with several technological developments in
space hypersonic flight, fission and fusion reactions, gas-
cooled nuclear reactors, etc., in which the temperature is extre-
mely high and the density of the gas is very low. As a result, the
thermal radiation effects are no longer negligible. The study of
radiation in high temperature gases has been made by physi-agnetic
2 G. Nath, P.K. Sahucists for a long-time. The radiation heat transfer has been
extensively studied by astrophysicists Rosseland [1], Chan-
drasekhar [2], Pai [3] and plenty of others but the interaction
between the radiation field and the gas-dynamic field has been
studied only recently.
In recent years considerable attention has been given to
study the interaction between gas dynamics and radiation.
When the effects of radiation are taken under consideration
in gas dynamics the fundamental non-linear equations are of
a very complicated type and thus it is essential to determine
approximations which are physically accurate and afford con-
siderable simplifications. Sedov [4] made it possible to analyse
certain classes of self-similar solutions in a variety of problems
with disturbed energy release with the assistance of methods of
theory of dimensionality.
Similarity models of Sedov [4] for classical blast wave prob-
lems have been extended, taking radiation into account by sev-
eral authors. Investigations by Marshak [5] and Elliott [6] on
one-dimensional unsteady radiating shock motion are all lim-
ited to the optically thick case. Wang [7], Helliwell [8] and
NiCastro [9] treated the problems of either stationary or mov-
ing radiating walls generating shock at the head of self-similar
flow-fields. The self-similar solutions of the central explosions
in stars including the effects of radiation flux assuming the
shock is isothermal and transparent are obtained by Deb
Ray and Bhowmick [10]. Khudyakov [11] discussed the self-
similar problem of the motion of a gas under the action of
monochromatic radiation. Zheltukhin [12] has developed a
family of exact solutions of one dimensional motion (plane,
cylindrical or spherical symmetry) of a gas taking into consid-
eration the absorption of monochromatic radiation. The prop-
agation of cylindrical shock waves in non-rotating or rotating
ideal or non-ideal gas under the action of monochromatic radi-
ation has been studied by Nath and Takhar [13], Nath [14] and
Vishwakarma and Pandey [15].
Shock propagation involves very high temperatures in
which the radiation effects might play a very important role
through the coupling of radiation and magnetogasdynamic
fields. On account of the high temperature, gases are ionized
over the entire region of interest in the shock and the medium
behaves like a medium of very high electrical conductivity. An
entire analysis of such a problem should therefore consist of
the study of the gas-dynamic flow and the electromagnetic
and radiation fields simultaneously. The study of the propaga-
tion of cylindrical shock waves in a conducting gas in presence
of an axial or azimuthal magnetic field is relevant to the exper-
iments on pinch effect, exploding wires, and so forth. Also,
Since the material within a star is a plasma of infinite electrical
conductivity and it exists within a strong magnetic field, so it is
important to study the interaction of magnetic field with the
other flow variables. Nath [16], Shinde [17] and Vishwakarma
and Pandey [18] have considered the effect of magnetic field on
the propagation of cylindrical shock waves under the action of
monochromatic radiation by using the method of self-
similarity for ideal and non-ideal gases.
The problem of propagation of magneto-gasdynamic shock
waves in a rotating interplanetary atmosphere assumes special
significance in the study of astrophysical phenomena. The
experimental studies and astrophysical observations show that
the outer atmosphere of the planets rotates due to rotation of
the planets. Macroscopic motion with supersonic speed occurs
in an interplanetary atmosphere with rotation and shockPlease cite this article in press as: Nath G, Sahu PK, Similarity solution for the flow
field and monochromatic radiation, Ain Shams Eng J (2016), http://dx.doi.org/10.1waves are generated. Further, the interplanetary magnetic field
is connected with the rotation of the sun which implies that a
large scale of magnetic field might appear in the rapidly rotat-
ing stars. Thus the rotation of planets or stars significantly
affects the process taking place in their outer layers; therefore,
question connected with the explosions in rotating gas atmo-
spheres is of definite astrophysical interest.
In recent years, several studies are performed regarding the
problem of shock wave propagating in a rotational axisymmet-
ric flow of a gas, that contains a variable azimuthal and axial
fluid velocities (see [19–23]) and many others. But the effect of
monochromatic radiation in rotating gas is not considered in
any of the above works and the work of other authors as
known to us. The purpose of this study is to obtain the self-
similar solutions for the flow behind a magnetogasdynamic
cylindrical shock wave propagating in a perfect gas permeated
by an azimuthal magnetic field in a rotational axisymmetric
flow of a gas with monochromatic radiation and variable den-
sity, that contains a variable azimuthal and axial fluid veloci-
ties [19–21]. The fluid velocities, the azimuthal magnetic field
and the density in the ambient medium are assumed to vary
and obey the power laws. Also, the angular velocity of rotation
of the ambient medium is assumed to be obeying a power law
and to be decreasing as the distance from the axis increases. It
is expected that such an angular velocity might occur within
the atmospheres of rotating planets and stars.
The present work is the extension of the work of Nath
[14,16] by taking into account the rotation of the medium
and the component of the vorticity vector. The effects of vari-
ation of the Alfven-Mach number and the ratio of the specific
heat of the gas on the shock strength and flow variables are
investigated. The shock strength decreases with an increase
in the strength of ambient magnetic field or adiabatic exponent
of the gas. Also, it is observed that the effect of an increase in
the adiabatic exponent of the gas on the flow variables and
shock strength becomes more significant when the magnetic
field is weak or absent.
2. Equations of motion and boundary conditions
A gas satisfies the continuum hypothesis (to a sufficient degree)
if RL  1, where RL is the Knudsen number, defined as
RL ¼ LfL, with Lf the mean free path and L the characteristic
length scale of the flow phenomenon under study. Since
RL ¼ LfL ¼ 1:255
ﬃﬃ
c
p M
Re
[24], where M is the Mach number,
Re is the Reynolds number and c is the adiabatic index, there-
fore RL depends on three parameters c;M
;Re. But the varia-
tion of the value of c is small, so we consider Knudsen number
RL as a function of Mach number M
 and Reynolds number
Re. Since for ideal plasma i.e. inviscid, non-heat-conducting
and infinitely electrically conducting plasma Re ¼ 1 [24], so
RL  1. As for flows of the interstellar medium often
RL  1, because of the size of the galactic length scale, so that
the continuum hypothesis can be safely applied there [25].
Also, the mean free path of atoms in space (least dense cold
atomic medium) is of the order of 2 AU, which is much smaller
than the size of the galaxy i.e. 30 kpc wide and 0.6 kpc thick
[26], so atoms in the interstellar medium are undergoing
enough collisions to use continuum methods to describe the
medium to first order. In molecular clouds and dense regions
the order of densities are of higher magnitude, still, so thebehind a cylindrical shock wave in a rotational axisymmetric gas with magnetic
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for one-dimensional, unsteady adiabatic axisymmetric rota-
tional flow of an electrically conducting ideal gas under the
action of monochromatic radiation and azimuthal magnetic
field, neglecting heat-conduction, viscosity and radiation of
the medium, in Eulerian coordinates, may be expressed as
[11,14,16,19–21,27,28].
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where r and t are independent space and time coordinates; u, v,
and w are the radial, azimuthal and axial components of the
fluid velocity q
!
in the cylindrical coordinates ðr; h; zÞ; q; p; h; e
and j are the density, the pressure, the azimuthal magnetic
field, the internal energy per unit mass and the monochromatic
radiation at a radial distance r and time t respectively; l is the
magnetic permeability and K is the absorption coefficient.
Here the electrical conductivity of the gas is assumed to be
infinite.
Also,
v ¼ Ar; ð8Þ
where ‘A’ is the angular velocity of the medium at radial dis-
tance r from the axis of symmetry. In this case the vorticity
vector
f
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¼ 1
2
Curl q
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ðrvÞ: ð9Þ
A perfect gas can be characterized by the fact that the aver-
age interaction energy of the particles Ei is much smaller than
the thermal energy Et, i.e. Ei  Et. This condition is fulfilled
when the interaction among the particles is small, or the gas
is sufficiently rarefied. In many astrophysical situations, partic-
ularly to expanding stellar envelopes, in general the perfect gas
hypothesis is a reasonable one [29].
The system of Eqs. (1)–(7) should be supplemented with an
equation of state. An ideal gas behaviour of the medium is
assumed, so that
p ¼ CqT; e ¼ CvT ¼ pðc 1Þq ; ð10Þ
where C is the gas constant, T is the temperature, Cv ¼ Cc1 is
the specific heat at constant volume and c is the ratio of specific
heats.Please cite this article in press as: Nath G, Sahu PK, Similarity solution for the flow
field and monochromatic radiation, Ain Shams Eng J (2016), http://dx.doi.org/10.1Continuous heating, by photoionization, rarely produces
gas above 104 K in the interstellar medium, but shocks natu-
rally produce hot gas in the 105:5–107:5 K range. Supernovae,
which dominate the energy input into the interstellar medium,
produce shocks with velocities of 100–1000 km/s, and these
shocks jump the gas temperature over the temperature regime
of very rapid cooling and into the higher temperature regime.
The gas pressure of the shocked gas is greater than the sur-
roundings, so it expands, as is seen in supernova remnants,
superbubbles, and reheated low-density regions in the Galaxy.
The densities of this hot gas are typically 1 3 103 cm3
and the typical temperature is 106 K [30].
The absorption coefficient K is considered to vary as
[11,14,16]
K ¼ K0 qn pm jq rs tl; ð11Þ
where the coefficient K0 is a dimensional constant and the
exponents n;m; q; s; l are rational numbers.
A diverging cylindrical shock wave is supposed to be prop-
agating outwards from the axis of symmetry in the undisturbed
ideal gas with variable density in the presence of an azimuthal
magnetic field, which has zero radial velocity, variable azi-
muthal and axial velocities. The flow variables immediately
ahead of the shock front are
u ¼ u0 ¼ 0; ð12Þ
q ¼ q0 ¼ q Ra; ð13Þ
v ¼ v0 ¼ v Rk; ð14Þ
w ¼ w0 ¼ w Rr; ð15Þ
h ¼ h0 ¼ h Rd; ð16Þ
where q; v;w; h; a; k; r and d are constants, R is the shock
radius, and the subscript ‘0’ refers to the condition immedi-
ately ahead of the shock.
The momentum Eq. (2) in the undisturbed state of the gas,
gives
p0 ¼
lh
2ð1 dÞ
2d
R2d þ v
2 q
2kþ a R
2kþa; 2kþ a – 0; d – 0; ð17Þ
where the undisturbed pressure upon the axes of symmetry
p0ð0Þ is taken to be zero, since for p0ð0Þ > 0 the flow would
not be self-similar. For t ¼ 0 on the axis of symmetry, the laws
of the piston expansion and the stationary distribution of azi-
muthal velocity (14), axial velocity (15), azimuthal magnetic
field (16) and pressure (17) grow infinitely large as ‘r’ increases.
With variable initial density and other distributions of azi-
muthal velocity, axial velocity and pressure (p0 – 0; t ¼ 0),
the flow arising with any law of the piston expansion, would
not be self-similar. In Chester-Chisnell-Whitham method sim-
ilar to above assumption p0ð0Þ ¼ 0 upon the axis of symmetry
was taken [31].
Ahead of the shock, the components of the vorticity vector,
therefore vary as
fr0 ¼ 0; ð18Þ
fh0 ¼ 
wr
2
Rr1; ð19Þ
fz0 ¼
ð1þ kÞv
2
Rk1: ð20Þ
The initial angular velocity of the medium at radial distance R
is given by, from Eq. (8),behind a cylindrical shock wave in a rotational axisymmetric gas with magnetic
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R
: ð21Þ
From Eqs. (21) and (14), we find that the initial angular veloc-
ity varies as
A0 ¼ v Rk1: ð22Þ
The jump conditions at the magnetogasdynamic shock
wave which is transparent for the radiation flux, are given by
the principle of conservation of mass, momentum and energy
across the shock, namely,
q0V ¼ q1ðV u1Þ;
h0V ¼ h1ðV u1Þ;
p0 þ
1
2
lh20 þ q0V2 ¼ p1 þ
1
2
lh21 þ q1ðV u1Þ2;
e0 þ p0q0
þ 1
2
V2 þ lh
2
0
q0
¼ e1 þ p1q1
þ 1
2
ðV u1Þ2 þ lh
2
1
q1
;
v0 ¼ v1;
w0 ¼ w1;
j0 ¼ j1;
ð23Þ
where the subscript ‘1’ denotes the conditions immediately
behind the shock front, V ¼ dR
dt
 
denotes the velocity of the
shock front.
From Eq. (23), we obtain
q1 ¼
q0
b
;
u1 ¼ ð1 bÞV;
p1 ¼ ð1 bÞ þ
1
cM2
þM
2
A
2
1 1
b2
  
q0V
2;
v1 ¼ v0;
w1 ¼ w0;
h1 ¼ h0b ;
j1 ¼ j0;
ð24Þ
where M ¼ q0V2cp0
	 
1
2
is the shock-Mach number referred to the
frozen speed of sound cp0q0
	 
1
2
and MA ¼ q0V2lh20
	 
1
2
is the Alfven-
Mach Number. The quantity b ð0 < b < 1Þ is obtained by
the quadratic relation
b2ðcþ 1Þ  b 2
M2
þ c 1þM2A
  1
 
þ ðc 2ÞM2A ¼ 0:
ð25Þ
Following Levin and Skopina [19] and Nath [20,21], we
obtained the jump conditions for the components of vorticity
vector across the shock front as
fh1 ¼
fh0
b
; ð26Þ
fz1 ¼
fz0
b
:
The dimensions of the constant coefficient K0 in Eq. (11)
are given by [18]
½K0 ¼Mnmq L3nþms1 T2mþ3ql: ð27ÞPlease cite this article in press as: Nath G, Sahu PK, Similarity solution for the flow
field and monochromatic radiation, Ain Shams Eng J (2016), http://dx.doi.org/10.1Following the approach of Sedov [4], we get the conditions
under which the formulated problem will have self-similar
solutions. The dimensional constants in the present problem
will be q0; p0; j0 and K0 in which j0; p0; q0 are related as
j0 ¼ p3=20 q1=20 : ð28Þ
For self-similarity the radiation absorption coefficient K0
must be dependent on the dimensions of j0; q0 which is equiv-
alent to sþ l ¼ 1. The self-similar independent dimensionless
variable g is taken in the form g ¼ r
R
, where
R ¼ b j1=30 q1=30 t: ð29Þ
The value of the constant b is so chosen that g ¼ 1 at the shock
surface.
3. Self-similarity transformations
To obtain the similarity solutions, the field variables describing
the flow pattern can be written in terms of the dimensionless
functions of g as [14,16,18,20]
u ¼ VUðgÞ; v ¼ V/ðgÞ; w ¼ VWðgÞ;
p ¼ q0V2PðgÞ; q ¼ q0GðgÞ;
ﬃﬃﬃ
l
p
h ¼ ﬃﬃﬃﬃﬃq0p VHðgÞ; ð30Þ
j ¼ j0 JðgÞ;
where U;/ , W;P;G;H and J are functions of g only.
From Eqs. (13), (16), (17) and (29), we obtain
M2 ¼ q
43ðbÞ2
c 1þ d a
6
 2 R2kþ2dþ73a; ð31Þ
and
M2A ¼
q
4
3ðbÞ2 lð1 dÞðhÞ2  ðvÞ2q
h i
2dlðhÞ2 1þ d a
6
 2 R2kþ2dþ73a: ð32Þ
ForM andMA to be independent of time i.e. for the existence
of similarity solutions ‘M’ and ‘MA’ should be constant,
therefore
2d ¼ 2kþ a and 2kþ 2dþ 7
3
a ¼ 0: ð33Þ
Thus,
M2 ¼ 2ldðh
Þ2
c lð1 dÞðhÞ2  ðvÞ2q
h i M2A: ð34Þ
Using the similarity transformations (30), the system of
governing Eqs. (1)–(7) can be transformed and simplified to
the following system of ordinary differential equations:
G0 g ðU gÞ þ GðU0 gþUÞ þ agG ¼ 0; ð35Þ
ðU gÞU0 þ 1
G
P0 þHH0 þH
2
g
 
þUa
6
Ud /
2
g
¼ 0; ð36Þ
ðU gÞ/0 þU/
g
þ /a
6
 /d ¼ 0; ð37Þ
ðU gÞW0 þWa
6
Wd ¼ 0; ð38Þ
ðU gÞH0 þHU0 þ 2
3
HaHd ¼ 0; ð39Þbehind a cylindrical shock wave in a rotational axisymmetric gas with magnetic
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g
ðU0gþUÞþ 4
3
Pa 2Pd¼ ðc 1Þ
gc
3
2M3
ðgJ0 þ JÞ; ð40Þ
J0 ¼ n c32M3
	 
q
gsGnPmJqþ1; ð41Þ
where
n ¼ K0 1þ d a
6
	 
sþ1
qnþmþq0 ; ð42Þ
Also, 2mþ 3qþ sþ 1 ¼ 0 was necessary to use to obtain the
similarity solution. The quantity n is a dimensionless constant
taken as the parameter which characterizes the interaction
between the gas and the incident radiation flux [11,14,16].
Solving the above set of differential Eqs. (35)–(41) for
dU
dg ;
dG
dg ;
dH
dg ;
dP
dg ;
d/
dg ;
dW
dg and
dJ
dg, we obtainU0 ¼
UGg ðgUÞ a
6
 d þ ðH2  /2GÞ ðgUÞ þ cPUþ ð2PþH2Þg 2
3
a d  ðc1Þ
c
3
2M3
ðgJ0 þ JÞ
g GðgUÞ2  cPH2
h i ; ð43Þ
G0 ¼ GðU
0gþUÞ þ agG
gðgUÞ ; ð44Þ
H0 ¼ H
2
3
a dþU0 
ðgUÞ ; ð45Þ
P0 ¼
4
3
agP 2dgPþ cPðU0gþUÞ  ðc1Þ
c
3
2M3
ðgJ0 þ JÞ
gðgUÞ ; ð46Þ
/0 ¼ /
ag
6
 gdþU 
gðgUÞ ; ð47Þ
W0 ¼W
a
6
 d 
ðgUÞ ; ð48Þ
J0 ¼ n c32M3
	 
q
gs Gn Pm Jqþ1; ð49ÞApplying the similarity transformations on Eq. (9), we
obtained the non-dimensional components of the vorticity vec-
tor lr ¼ frV=R, lh ¼ fhV=R, lz ¼ fzV=R in the flow-filed behind the
shock as
lr ¼ 0; ð50Þ
lh ¼ 
W a
6
 d 
2ðgUÞ ; ð51Þ
lz ¼
/ a
6
 dþ 1 
2ðgUÞ : ð52Þ
Using the self-similarity transformations (30), the shock
conditions (24) are transformed into
Uð1Þ ¼ ð1 bÞ;
Gð1Þ ¼ 1
b
;
Pð1Þ ¼ ð1 bÞ þ 1
cM2
þM
2
A
2
1 1
b2
 
;Please cite this article in press as: Nath G, Sahu PK, Similarity solution for the flow
field and monochromatic radiation, Ain Shams Eng J (2016), http://dx.doi.org/10.1/ð1Þ ¼ v
 2dð Þ12 1þ d a
6
 
bðqÞ16 lðhÞ2ð1 dÞ  ðvÞ2q
h i1
2
;
Wð1Þ ¼ w
 2dð Þ12 1þ d a
6
 
bðqÞ16 lðhÞ2ð1 dÞ  ðvÞ2q
h i1
2
;
Hð1Þ ¼M
1
A
b
;
Jð1Þ ¼ 1; ð53Þ
where it is necessary to use k ¼ dþ a
6
¼ r to obtain the sim-
ilarity solution.At the inner boundary surface (piston) of the flow-filed
behind the shock, the condition is that the velocity of the sur-
face is equal to the normal velocity of the fluid on the surface.
This kinematic condition from Eq. (30) can be written as
UðgpÞ ¼ gp; ð54Þ
where gp is the value of g at the inner surface.
Normalizing the variables u; v;w; p; q; h and j with their
respective values at the shock, we obtain
u
u1
¼ UðgÞ
Uð1Þ ;
v
v1
¼ /ðgÞ
/ð1Þ ;
w
w1
¼WðgÞ
Wð1Þ ;
p
p1
¼ PðgÞ
Pð1Þ ;
q
q1
¼ GðgÞ
Gð1Þ ;
h
h1
¼ HðgÞ
Hð1Þ ;
j
j1
¼ JðgÞ
Jð1Þ : ð55Þ4. Results and discussion
The set of differential Eqs. (43)–(49) have been integrated
numerically with the boundary conditions (53) and (54) tobehind a cylindrical shock wave in a rotational axisymmetric gas with magnetic
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Figure 1 Variation of the reduced flow variables in the region behind the shock front (a) radial component of fluid velocity u
u1
, (b)
azimuthal component of fluid velocity v
v1
, (c) axial component of fluid velocity w
w1
, (d) pressure p
p1
, (e) density qq1
, (f) azimuthal magnetic field
h
h1
, (g) radiation flux j
j1
, (h) non-dimensional azimuthal component of vorticity vector lh, and (i) non-dimensional axial component of
vorticity vector lz; 1. M
2
A ¼ 0; c ¼ 43; 2. M2A ¼ 0; c ¼ 53; 3. M2A ¼ 0:01; c ¼ 43; 4. M2A ¼ 0:01; c ¼ 53; 5. M2A ¼ 0:05; c ¼ 43; 6.
M2A ¼ 0:05; c ¼ 53; 7. M2A ¼ 0:1; c ¼ 43; and 8. M2A ¼ 0:1; c ¼ 53.
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Cylindrical shock wave with magnetic field and monochromatic radiation 7obtain distributions of the flow variables in the flow-field
behind the shock front by the fourth order Runge–Kutta
method. For the numerical integration, ‘Mathematica’ soft-
ware is used in which the number of steps is taken to be one
thousand by default, so that the value of the step size ðhÞ is
equal to the distance between a neighbouring point to the inner
expanding surface and the shock front divided by one thou-
sand (see, for example, for curve 1 in Fig. 1, h ¼ 1:7945
104). The Runge–Kutta method of order four gives the value
of interpolating function correct to the first four powers of h
and has, therefore, errors of the order of h5. We refer readers
to Vishwakarma and Nath [32] for fourth-order Runge–Kutta
formula. For the purpose of numerical integration, the values
of the constant parameters are taken to be [11,14,16,18,20,33]
c ¼ 4
3
; 5
3
; n ¼  1
2
; q ¼ 0; s ¼ 1;m ¼ 1;M2A ¼ 0:0; 0:01; 0:05;
0:1; n ¼ 0:1; d ¼ 1
2
;M2 ¼ 25. For fully ionized gas c ¼ 5
3
and
for relativistic gases c ¼ 4
3
, which is applicable to interstellar
medium. For stars, the stability is related with the value of
the adiabatic index in its interior that has to be larger than 4
3
[34,35]. The stability of a star depends on the value of c in
the core being larger than 4
3
, collapse beginning when c falls
below 4
3
. However, as nuclear densities are approached in the
core c will rise above 4
3
again, with the result that the collapse
will come rapidly to a halt, and be reversed into a bounce that
may lead to a supernova explosion [34]. The above values of
M2A are taken for calculations in the present problem because
Rosenau and Frankenthal [33] have shown that the effects of
magnetic field on the flow-field behind the shock are significant
when M2A P 0:01. The value M
2
A ¼ 0 corresponds to the
non-magnetic case. The present work is the extension of the
work of Nath [14] and Nath [16] by taking into account the
rotation of the medium and the component of the vorticity
vector (see Fig. 1(c), (f), (h), and (i)).
Table 1 shows the variation of density ratio b ¼ q0q1
	 

across
the shock front and the position of the inner expanding surface
gp for different values ofM
2
A and cwith n ¼  12 ; q ¼ 0; s ¼ 1;
m ¼ 1; n ¼ 0:1; d ¼ 1
2
; M2 ¼ 25.
Fig. 1(a)–(i) shows the variation of the flow variables
u
u1
; v
v1
; w
w1
; p
p1
; qq1 ;
h
h1
; j
j1
, the non-dimensional azimuthal compo-
nent of vorticity vector lh and the non-dimensional axial com-
ponent of vorticity vector lz against the similarity variable g at
various values of the parameters M2A and c.
Fig. 1(a) shows that the reduced radial component of fluid
velocity u
u1
decreases as we move from the shock front to the
inner expanding surface in the presence of magnetic field in
general, whereas it decreases near the shock front and increases
near the inner expanding surface in the absence of magnetic
field. Fig. 1(b)–(i) shows that the reduced azimuthal compo-
nent of fluid velocity v
v1
, the reduced density qq1
, the reduced
pressure p
p1
and the reduced radiation flux j
j1
decreases but the
reduced axial component of fluid velocity w
w1
, the reduced azi-
muthal magnetic field h
h1
, the reduced azimuthal component
of vorticity vector lh and the axial component of vorticity vec-
tor lz increases as we move from the shock front to the inner
expanding surface.
From Table 1 and Fig. 1(a)–(i) it is found that the effects of
an increase in the value of adiabatic exponent of the gas c are
as follows:Please cite this article in press as: Nath G, Sahu PK, Similarity solution for the flow
field and monochromatic radiation, Ain Shams Eng J (2016), http://dx.doi.org/10.1(i) to increase the value of b i.e. to decrease the shock
strength (see Table 1);
(ii) to increase the distance of the inner expanding surface
from the shock front, i.e. the flow-field behind the shock
become somewhat rarefied. This shows the same result
as given in (i) above, i.e. there is a decrease in the shock
strength (see Table 1);
(iii) to increase the flow variables uu1 ;
q
q1
; vv1 and
j
j1
but to
decrease the flow variables ww1 ; lh and lz at any point in
the flow-field behind the shock front (see Fig. 1(a)–(c),
(e), and (g)–(i));
(iv) to increase the reduced pressure pp1
for
M2A ¼ 0; 0:01; 0:05 but to decrease it with an increase
in the adiabatic exponent c for M2A ¼ 0:1 in the flow-
field behind the shock front (see Fig. 1(d));
(v) to increase the reduced azimuthal magnetic field hh1 for
M2A ¼ 0:05; 0:1 whereas it decreases for M2A ¼ 0:01 in
the flow-field behind the shock front (see Fig. 1(f)).
Thus increase in the adiabatic exponent of the gas has
decaying effect on shock wave. Also, the effect of variation
in the value of adiabatic index on the flow variables is more
significant when the initial magnetic field is weak or absent.
The effects of an increase in the value ofM2A (i.e. the effect
of an increase in the strength of ambient magnetic field) are as
follows:
(i) to increase the value of b i.e. to decrease the shock
strength, (see Table 1);
(ii) to decrease gp, i.e. to increase the distance of the inner
expanding surface from the shock front. Physically it
means that the gas behind the shock is less compressed,
i.e. the shock strength is decreased which is same as in (i)
above (see Table 1);
(iii) to increase the flow variables vv1 and
q
q1
but to decrease the
flow variables uu1 ;
w
w1
; hh1 ;
j
j1
; lh and lz at any point in the
flow-field behind the shock front (see Fig. 1(a)–(c), (e)–
(f), and (h)–(i));
(iv) to increase the reduced pressure pp1
, whereas the reverse
behaviour is obtained for the reduced radiation flux jj1
in the flow-field behind the shock in general (see Fig. 1
(d) and (g)).
Thus the presence of magnetic field has decaying effect on
shock wave. Also, it is observed that an increase in the strength
of the ambient magnetic field or the adiabatic exponent of the
gas has similar effects on density, azimuthal and axial compo-
nent of fluid velocity, and vorticity vector whereas these
parameter have opposite behaviour on radial component of
fluid velocity and radiation flux.
5. Conclusion
The present work investigates the self-similar flow behind a
cylindrical shock wave propagating in a rotational axisymmet-
ric ideal gas under the action of monochromatic radiation in
presence of azimuthal magnetic field. In the present problem
effects of viscosity and gravitation are not taken into account
and the medium is taken as an ideal gas. In future the problembehind a cylindrical shock wave in a rotational axisymmetric gas with magnetic
016/j.asej.2016.06.009
Table 1 The density ratio b across the shock and the position
of the inner expanding surface gp for different values of
M2A and c with n ¼  12 ; q ¼ 0; s ¼ 1;m ¼ 1; n ¼ 0:1; d ¼ 12 ;
M2 ¼ 25.
c M2A b Position of the inner expanding
surface gp ¼ rpR
 
4
3
0 0.17714 0.82055
0.01 0.19733 0.73063
0.05 0.26054 0.59117
0.1 0.32279 0.49795
5
3
0 0.28 0.74380
0.01 0.29055 0.66492
0.05 0.33017 0.54358
0.1 0.37576 0.46280
8 G. Nath, P.K. Sahucan be generalized by considering the effects of viscosity or
gravitation or non-idealness of the gas. The shock waves in
rotational axisymmetric perfect gas with variable initial density
and magnetic field can be important for description of shocks
in supernova explosions, in the study of a flare produced shock
in solar wind, central part of star burst galaxies, nuclear explo-
sion, rupture of a pressurized vessel, etc. On the basis of this
work, one may draw the subsequent conclusions:
(i) The shock strength decreases and distance between
shock and inner expanding surface increases with an
increase in the strength of the ambient magnetic field
or the adiabatic exponent.
(ii) The effect of an increase in the adiabatic exponent of the
gas c is more significant in the case of flow variables
v
v1
; ww1 ;
p
p1
; qq1 ;
j
j1
; lh and lz for M2A ¼ 0:01 or 0 i.e. when
the magnetic field is weak or absent.
(iii) An increase in the strength of the ambient magnetic field
decreases the flow variables uu1 ;
w
w1
; hh1
j
j1
; lh; lz and the
shock strength, whereas reverse behaviour is observed
in the case of the flow variables vv1 and
q
q1
.
(iv) An increase in the strength of the ambient magnetic field
or the adiabatic exponent of the gas has same behaviour
on the flow variables vv1 ;
w
w1
; qq1 ; lh and lz, whereas these
parameters have opposite behaviour on the flow vari-
ables uu1 and
j
j1
.
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